
AI D-R158 966 INFRARED NONLINEAR PROCESSES IN EEIICONDUCTORS(U)i/MASSACHUSETTS INST OF TECH CAMBRIDGE P A WOLFF ET RL-
84 JAN 85 AFOSR-TR-85-8i2g F4962e-84-C-eaiO

UNCLASSIFIED F/G 20/12 NI



S2.

D ° 
28

li i

iii I
____N lII -

1.25 1 11 (.6

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-1963-A

A



RFAD INS'I HUCTIONSREPORT DOCUMENTATION PAGE BEFORE ComI,'IAING FORM

I REPO1V NUMBER 2 GOVT ACCESSION NO. 3 CIPIENT'S CATALOG NUMBER

(D AFOSR-TR. o" -0 120 1A
4. TITLE (nnd Subtitle) S, TYPE OF Rft a P 0 D OV* REf

.;nnua- I ecfnca/
0" Infrared Nonlinear Processes in Semiconductors port - 1 1

If C. PERFORMING ORG. REPORT NUMBER

7 AUTNO92(s) S. CONTRACT OR GRANT NUMBER(s)

P.A. Wolff, R.L. Aggarwal, C. Jagannath, F49620-84-C-0010
".M. Larsen, S.Y. Yuen, J. Warnock, S. Wong,
E.R. Youngdale

9 PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT. PROJECT. TASK

Massachusetts Institute of Technology AREA a WORK UNIT NUMBERS

77 Massachusetts Avenue
Cambridge, MA 02139 LI(At,--- '(,o+'-

I I CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT IATE

Air Force Office of Scientific Research January 4, 1985
Building 410 13. NUMBER OF PAGES

Rolling AFR. Wathintnn, M 70332 7
14 MO-41TnRFrNG AGENCY NAME I AOORESS(JI dlfferent from Controlling Office) IS. SECURITY CLASS. (of this report)

Unclassified
aIS. DECLASSIFICATION! OOWNGRADING

SCHEDULE

16 DISTRIBUTION STATEMENT (of #his Report)

Approved for public release, distribution unlimited

" 17 DISTIBUTION STATEMENT (of the abstract entered In Block 20, It different trot Rport. "

MAR 5 '195,

I SUPPLFMENTARY NOTES

'9 KEY N .IOS (Continue on reverse side if necessary and Identify by block number)

Infrared, Nonlinear Optics, Semiconductors.

20 A6,- 7' ;;C T , L'ntfnuP nn reverse side If neceimary and Idontify hv blnck nmher"

"4Intervalence band relaxation times have been measured, in the picosecond
range, in p-type GaAs and Ge. These measured times are in agreement

* with those calculated for optic phonon mediated processes. An anticrossing,
predicted by People and Wolff, has been observed between As donor levels I
of opposte spin in Ge. A theory has been developed, which, with no
adjustable parameters, provides good agreement with experiment.

DD Ij~31473 kLAi,1jf
-- SATD

SE C U R IT Y C L A SI FtIC TIO Nq O 
r  

T H S P A E ( *% m o e &ed ) P

.. " I" . ew ,i . . . . . , - • + m " " . * • .l k " .
•

+ . - + . . • *+ . . -. • , ,i, m + = + •.



-1-

I. Summary of Research Goals

The following research topics are planned. Most of them involve

nonlinear optical processes in semiconductors. The nonlinear interactions

are used to probe the electron and hole dynamics in semiconductors.

a.) Measurement of picosecond relaxation times in p-type semi-

conductors, using four-wave mixing of CO2 laser beams.

b.) Observation of anticrossing between donor levels of opposite

spins in germanium, predicted by People and Wolff, using four-

wave magnetospectroscopy.

c.) Study of the spin-flip Raman linewidth in n-type InSb, using

four-wave mixing with CO2 lasers.

d.) Observation of magnetoaccoustic waves in n-type InSb, via

Raman gain experiments.

e.) Attempt stimulated plasma wave emission in n-type Hgl.xCdxTe

with x = 0.24, via Raman gain experiments.

f.) Study third-order nonlinear susceptibility x(3) in uniaxially

stressed p-type semiconductors Si, Ge, GaAs, Hgl.xCdxTe, using

four-wave mixing with CO2 laser beams.
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II. Current Status of the Research Effort

The research project uses nonlinear optical processes to study

electron dynamics in semiconductors. Significant progress has been made

in the following areas:

(i) Study of the Intervalence Band Relaxation

Times via Four-Wave Mixing with C02 Lasers

(Item a. above)

Free carriers in semiconductors cause large third-order optical

nonlinearity x(3) which can be measured via four-wave mixing. Dispersion

of x (3) has previously been used for a measurement of the electron energy

relaxation time and valley transfer time, in the picosecond regime, in n-

type semiconductors InSb, GaAs, and GaSb. Hole-induced x(3) has been

studied in p-type semiconductors for the first time. Measured values

of x(3) in p-type GaAs and Ge are found to be in agreement with those

predicted from the intervalence band population modulation mechanism.

* Dispersion of x(3) yields intervalence band relaxation times in the

pico-second regime. These measured times are in agreement with those

calculated for optic phonon mediated processes. Such information is

useful in the design of devices employing intervalence band transitions.

In particular, our work suggests that the optimal material for such appli-

- cations should be nonpolar and have a small bandgap.
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(ii) Four-Wave Spectroscopy of Donors

in Semiconductors (Item b. above)

Four-wave spectroscopy with CO2 lasers has been used to study Raman

allowed transitions between the valley-orbit split Is states of As donors

in Ge at 1.8K, using magnetic field B up to 12T. With B 11 [111] the

ls(T 2) state splits into six levels (including spin), two with high and

four with low diamagnetism. An anticrossing, preidcted by People and

Wolff [Phys. Rev. B24, 4634 (1981] has been observed between donor levels

of opposite spin. Valley repopulation due to breaking of the tetrahedral

symmetry by the magnetic field is also observed. A theory has been

developed, which, with no adjustable parameters, provides good agreement

with experiment.

(iii) Study of the Spin-flip Raman Linewidth

in n-type InSb (Item c. above)

The lineshape for the spin-flip transition in n-type InSb has been

investigated via four-wave spectroscopy with CO2 lasers. In contrast to

lineshapes obtained previously with pump laser frequencies close to the

" bandgap, the lineshape in our experiment shows a pronounced asymfretry.

Furthermore, an additional peak is resolved at low laser powers. The

asymetric lineshape cannot be understood in terms of magnetic joint-

density-of-states alone.
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(iv) Stimulated Plasma Wave Emission in

n-type Hgj.xCdxTe (item e. above)

Our calculations indicate a plasmon Raman gain of 10 cm"1 with peak

pump power of 100 kW/cm2 for a Hgl.xCdxTe crystal with x - 0.24 (to match

the bandgap at T = 4K to the CO2 laser energy), and n = 3 x 1015/cm-3.

We plan to obtain high homogeneity samples from Honeywell Electro-Optics

Operation, Lexington, MA. The concept would be tested via Raman gain

experiments using counterpropagating CO2 pump (TEA laser) and probe (cw

laser) beams.
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IV. Professional Personnel

Prof. P.A. Wolff, Principal Invesigator

Dr. R.L. Aggarwal, Co-Principal Investigator

Dr. D.M. Larsen, Research Scientist

Dr. C. Jagannath, Research Associate

Prof. L.R. Ram-Mohan, Consultant

Dr. S.Y. Yuen, Research Scientist

E. Isaacs, Physics Graduate Student

J. Warnock, Physics Graduate Student

S. Wong, Physics Graduate Student

E.R. Youngdale, Physics Graduate Student
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V. Interactions

We are continuing our interaction with the Honeywell Research Group

(Bloomington, MN) through Dr. Paul Kruse and Honeywell Electro-Optics

Operation through Dr. Marion Reine. We expect to obtain high homogeneity

n-type samples of Hg.xCdxTe (with x = 0.24 and ne = 3 x 1015 cm-3), grown

by Dr. Don Nelson at the Honeywell Electro-Optics Operation, for

stimulated plasma wave emission experiments.

We have an ongoing interaction with AT&T Bell Laboratories through

Prof. Wolff's consultancy. Dr. R.A. Logan has provided p-type GaAs

samples used for the measurement of picosecond intervalence band relaxa-

tion times.

At MIT we strongly interact with Dr, P. Becla and Prof. August

Witt's and Prof. H. Gatos' groups regarding growth and characterization of

materials. We also interact with Prof. E. Ippen and Prof. H. Haus with

regard to nonlinear optical device applications.
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